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Thin film transistor - has source and drain regions in self aligned 
manner by ion implantation using gate electrode as mask which is 
then subjected to anodic oxidation (Eng) 
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The thin film transistor has a semiconductor layer (102,103,104) 
having a portion doped with impurities and a gate insulating film 
(107) and gate electrode (105). The surface of the gate electrode is 
covered with an insulator (106). The doped portion (103,104) of the 
layer is spaced from the gate electrode (105) by a distance 
equivalent to or less than the thickness of the insulator, i.e. 100-200 
nm. 

The gate electrode (105) is made of tantaulum and the insulator 
(106) is made of tantaulum oxide formed by subjecting the surface of 
the gate electrode to anodic oxidn. at a voltage ranging from 150-250 
volts. (15pp Dwg.No.1/9) 
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© Thln-fllm transistor and method for manufacturing it 

© To achieve a large WIoff ratio of a thin-film 
transistor, an offset (AL) between the gate electrode 
(105) and source and drain regions (104, 103) is 
provided. This may be done by forming source and 
drain regions in a self-aligned manner by ion im- 
plantation using the gate electrode as a mask. 
Thereafter the gate electrode (105) is subjected to 
anodic oxidation at a voltage ranging from 150 to 
250 V to obtain an offset (AL) of 100 to 200 urn. 
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The present invention relat^BB a thin-film tran- 
sistor which is employed, for example, for active 
matrix type liquid crystal displays or memory in- 
tegrated circuits. 

In the document "JAPAN DISPLAY" 86, 1986 
pages 196 to 199, a structure of a conventional 
thin-film transistor is disclosed. A plan view and a 
sectional view of this known structure are schemati- 
cally shown in Figs. 2(a) and (b), respectively. The 
sectional view of Fig. 2(b) is taken along the line A- 
A in Fig. 2(a). This thin-film transistor comprises on 
an insulating substrate 201 made of glass, quartz 
or sapphire, a source region 202 and a drain region 
203 which are polysilicon thin films doped with 
donor or acceptor impurities. A data line 204 and a 
pixel electrode 205 are in contact with the source 
region 202 and the drain region 203, respectively. 
A semiconductor layer 206 which is a polysilicon 
thin-film is in contact with both the upper surface of 
the source region 202 and that of the drain region 
203, and extends between these regions 202 and 
203. A gate insulating film 207 covers all of these 
components and a gate electrode 208 is provided 
on the gate insulating film 207. 

This conventional thin-film transistor suffers 
from problems that will be explained with reference 
to Fig. 3. 

Fig. 3 is a graph showing the characteristic of 
drain current Id against gate voltage Vgs of a thin- 
film transistor structured as explained with refer- 
- ence to Fig. 2. In Fig. 3. the abscissa represents 
the gate voltage Vgs and the ordinate represents 
the logarithm of the drain current Id. The char- 
acteristic shown is that of an N type thin-film tran- 
sistor whose channel length and channel width are 
both 10 urn and which has a voltage of 4 V applied 
between source and drain. The drain current Id 
which flows when the gate voltage Vgs is negative 
is designated as Ioff. and the drain current Id 
which flows in the gate voltage Vgs is positive is 
designated as Ion- With a polysilicon thin-film tran- 
sistor the drain current Id is minimum when the 
gate voltage Vgs is around 0 V. At a negative gate 
voltage Vgs a Hall current flows increasing I 0 ff 
and, thus, greatly reducing the ratio WIoff- Hence, 
when such thin-film transistor is applied to an ac- 
tive matrix type liquid crystal display in which the 
gate voltage is decreased to a negative value when 
electric charges accumulated in the liquid crystal 
layer are held, sufficient holding of the electric 
charges is difficult whereby the image quality of 
the liquid crystal display is deteriorated. 

The present invention is intended to overcome 
the above explained problem of conventional thin- 
film transistors, and its object is to provide a thin- 
film transistor exhibiting a large WIoff ratio. An 
object of the invention is further to provide a meth- 
od for manufacturing such thin-film transistor. 



These objective achieved with a. thin-film 
transistor according to claim 1 and a method ac- 
cording to claims 3 and 4, respectively. Preferred 
embodiments of the invention are subject matter of 
5 dependent claims. 

As will be better understood from the following 
detailed description of various embodiments of the 
present invention, specific advantages achieved by 
the invention are as follows: 
ro By providing an accurately controllable offset 
between the gate electrode and each of source and 
drain regions, a thin-film transistor having a suffi- 
ciently low Iqff can be provided. 

Application of the thin-film transistor according 
75 to the present invention to an active matrix display 
of an EL or DDLC type which requires a high drive 
voltage, provides a plane display having an ex- 
cellent display quality. 

Application of the thin-film transistor according 
20 to the present invention to an active matrix type 
liquid crystal display greatly reduces short circuit 
defects and, thus, provides a liquid crystal display 
having an excellent display quality. 

Since a simple process of anodic oxidation 
25 allows for an accurate control of the said offset, the 
equipment for manufacturing the thin-film transistor 
is not costly and so the production cost of a liquid 
crystal display is decreased. 

Preferred embodiments of the present inven- 
30 tion will be described below with reference to the 
drawings, in which: 
Fig. 1 

is a cross-sectional view of a thin-film transistor 
according to one embodiment of the present 
35 invention, taken in the direction of channel 
length. 

Figs. 2(a) and (b) 

are a plan view and a cross-sectional view, 
respectively, illustrating the structure of a con- 
40 ventional thin-film transistor, the cross-section 
of Fig. 2(b) being taken along the line A-A in 
Fig. 2(a). 
Fig. 3 

is a graph showing a characteristic of the con- 
45 ventional thin-film transistor, 
Fig. 4 

is a graph showing how the film thickness of 
tantalum oxide changes with changes of the 
voltage in anodic oxidation of tantalum, 

so Fig. 5 

is a graph showing a characteristic correspond- 
ing to that of Fig. 3 of a thin-film transistor 
according to the present invention. 
Figs. 6(a), (b) and (c) 

55 are a plan view, a cross-sectional view taken 
along line A-A' in Fig. 6(a) and a cross-sectional 
view taken along line B-B* in Fig. 6(a). respec- 
tively, illustrating an active matrix type liquid 
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crystal display substrate ^Wvhich the thin-film 
transistor according .to the present invention can 
be applied, 
Figs. 7(a) and (b) 

show an equivalent circuit of the active matrix 
type liquid crystal display and a drive signal 
waveform, respectively, 
Figs 8(a), (b) and (c) 

are cross sectional views showing different man- 
ufacturing steps of a thin-film transistor accord- 
ing to another embodiment of the present inven- 
tion, and 
Fig. 9 

is a graph showing, how the film thickness of 
tantalum oxide changes with changes of the 
voltage in an anodic oxidation of tantalum. 

FIRST EMBODIMENT 

Fig. 1 is a cross-sectional view of a thin-film 
transistor according to a first embodiment of the 
present invention. The section is taken in the direc- 
tion of the transistor's channel length. 

On a substrate 101 made of glass, quartz, a 
ceramic or silicon there is formed a 25 nm thick 
polysilicon layer. This polysilicon layer comprises a 
portion 102 forming the transistor's channel region, 
a portion 104 forming its source region and a 
portion 103 forming its drain region. The polysilicon 
layer is preferably formed by decomposing mon- 
osilane gas in an atmosphere of 600 *C by low- 
pressure CVD. However, formation of the poly- 
silicon layer is not limited to the low-pressure CVD 
technique. Instead, the polysilicon layer may also 
be formed by first forming amorphous silicon by 
sputtering or plasma CVD which is then heat treat- 
ed at a temperature ranging from 550 • C to 600 • C 
for 5 to 40 hours to convert the amorphous silicon 
to polysilicon. Amorphous silicon may further be 
made to polysilicon by irradiating it using an argon 
or excimer laser. 

Next, a gate insulating film 107 of Si02 is 
formed to a thickness of 150 nm by ECR plasma 
CVD. ECR plasma CVD assures formation of fine 
Si02 having less traps at a low temperature of 
100*C or below and is optimal as the gate insulat- 
ing film manufacturing method. The gate insulating 
film 107 may also be formed by thermally oxidizing 
the surface of the polysilicon layer (102, 103 and 
104) in a oxygen atmosphere of 1 100* C. 

On the gate insulating film 107 a 400nm thick 
gate electrode 105 of tantalum is formed by sput- 
tering. Using this gate electrode 105 as a mask, 
phosphorus ions are then implanted planted into 
the polysilicon through the gate insulating film 107 
at a dose of 3 x 10 15 cm" 2 and an energy level of 
120 keV so as to form the source region 104 and 
the drain region 103 in a self-alined manner. If 



phosphorus ion^we implanted by the ion implanta- 
tion, an N type thin-film transistor will be obtained. 
Implantation of boron ions provides a P type thin- 
film transistor. If the type of implanted ions is 
5 selectively changed using a photoresist or the like, 
a CMOS type inverter circuit can be readily ob- 
tained. 

After implantation, the implanted phosphorus 
ions are irradiated by an argon or excimer laser 

w and thereby activated to reduce the resistance of 
the polysilicon in the source region 104 and the 
drain region 103. 

Subsequently, an insulator 106 of tantalum ox- 
ide is formed on the surface of the gate electrode 

75 105 by anodic oxidation. Fig. 4 illustrates how the 
thickness of the tantalum oxide and the tantalum, 
respectively, changes with changes of the voltage 
used for anodic oxidation. In Fig. 4, the abscissa 
represents the voltage and the ordinate the film 

20 thickness. As shown in Fig. 4, the film thickness of 
tantalum oxide increases in proportion to the an- 
odic oxidation voltage. The film thickness can be 
controlled at a rate of 1 .7 to 1 .8 nm/V. When 
tantalum is subjected to anodic oxidation, its sur- 

25 face is oxidized and the tantalum film thickness 
decreases correspondingly. 

As a result of converting a surface region of 
the tantalum gate electrode 105 to tantalum oxide 
insulator 106, an offset AL corresponding to the 

30 film thickness indicated by a hatched portion in 
Fig. 4 is generated. As shown in Fig. 1, the offset 
AL means an additional distance between the 
edges of gate electrode 105 and the edge of each 
of source and drain regions 104 and 103. Anodic 

35 oxidation at a voltage of 250 V generates an offset 
AL of 200 nm. It is possible to accurately control 
the offset AL by controlling the anodic oxidation 
voltage. The upper limit of the anodic oxidation 
voltage applied to form the tantalum oxide is the 

40 highest voltage the formed tantalum oxide can re- 
sist, which is about 250 V. Hence, the offset AL 
can be controlled to any value between 0 and 200 
nm. 

Finally, contact holes 110 and 111 are opened 
45 in the insulating layer 107 above the source region 
104 and the drain region 103, and a source inter- 
connection 109 and a drain interconnection 108 of 
an alloy of aluminum and silicon are respectively 
provided in the contact holes 110 and 111. 
so The effect of the offset AL in the thin-film 
transistor described above is that the voltage be- 
tween the gate electrode and the drain region and 
the voltage between the gate electrode and the 
source region, when the gate voltage Vgs is nega- 
55 tive, can be effectively reduced. 

Fig. 5 shows the Id-Vgs-characteristic of a thin- 
film transistor whose anodic oxidation voltage is 
150 V and whose offset AL about 100 nm. As with 
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Fig. 3, the abscissa represenlWhe gate voltage 
Vgs and the ordinate the logarithm of the drain 
current id. 

Comparing the characteristic of Fig. 3 corre- 
sponding to a conventional thin-film transistor with 
that of Fig. 5 corresponding to a thin-film transistor 
according to the present invention, it will be easily 
seen that in the characteristic of Fig. 5 the drain 
current Id remains substantially constant for nega- 
tive values of the gate voltage up to around 0 V. 
That means I 0 ff is greatly improved. Ion. that is the 
drain current for positive gate voltages, is substan- 
tially the same as that of the conventional thin-film 
transistor. 

In the thin-film transistor, since the polysilicon 
layer that forms the channel region is as thin as 25 
nm, the range of a depletion layer is limited and an 
inversion layer is readily formed. Hence, when the 
offset AL is 200 nm or less a reduction of l 0N is 
small. When the offset AL is 100 nm or below, 
since the voltage between the gate electrode and 
the drain region and the voltage between the gate 
electrode and the source region are not reduced 
sufficiently, I 0 ff can not be reduced. Therefore, the 
obtimum value for the offset is between 100 and 
200 nm and the obtimum anodic oxidation voltage 
is between 150 and 250 V. Since the anodic oxida- 
tion assures excellent reproduction and uniform 
oxidation over a large area, the thin-film transistor 
according to the present invention can be advanta- 
geously applied to an active matrix type liquid 
crystal display. 

In the embodiment described above, the gate 
electrode is formed of tantalum. However, it may 
be formed of any metal which is capable of forming 
an oxide by anodic oxidation, such as aluminum or 
niobium. 

SECOND EMBODIMENT 

Fig. 6 shows a thin-film transistor according to 
an embodiment of the present invention applied to 
an active matrix type liquid crystal display sub- 
strate. Fig. 6(a) is a plan view of the active matrix 
type liquid crystal display substrate. Fig. 6(b) is a 
sectional view of a thin-film transistor portion taken 
along line A-A* of Fig. 6(a). Fig. 6(c) is a sectional 
view taken along line B-B* of Fig. 6(a). 

Silicon thin-films 612 and 613 are formed on a 
glass substrate 601 made of NA 35 manufactured 
by Hoya Corporation. These silicon thin film may 
be amorphous silicon thin films formed by plasma 
CVD or polysilicon thin films formed by low-pres- 
sure CVD. A desired thickness of these films is 
between 50 and 200 nm. 

Next, a semiconductor layer 602 acting as a 
channel region of the thin-film transistor, a source 
region 604 and a drain region 603 are formed as in 



the case of the^St embodiment. Then a gate 
insulating film 607 of Si02 is formed in contact with 
these layers. A desired thickness of the semicon- 
ductor layers 602. 603 and 604 is between 20 and 
5 50 nm. 

Thereafter, a first insulator 614 of tantalum 
oxide and a gate electrode 605 of tantalum are 
formed. The first insulating film 614 is formed in a 
atmosphere of argon gas or a mixture gas of argon 

70 gas and oxygen gas by RF sputtering using tan- 
talum oxide targets. The thickness of the first in- 
sulating film 614 is from 20 to 50 nm. Subse- 
quently, the gate electrode 605 is formed at a 
thickness of 400 nm by DC sputtering. The first 

75 insulator 614 and the gate electrode 605 are then 
processed using a photolithographic or dry etching 
technique. 

The dry etching device used to process the 
gate electrode 605 and the first insulator 614 in- 

20 eludes a plasma chamber in which a mixture gas of 
freon gas and oxygen gas is decomposed by plas- 
ma discharge to generate radicals which contribute 
to etching, and an etching chamber where etching 
takes place using the radicals generated in the 

25 plasma chamber and conveyed thereto. The etch 
rate of tantalum and that of tantalum oxide are 
substantially the same, and the etch rate of S1O2 is 
l/20th of that of tantalum oxide or less. 

Using such dry etching device, etching of the 

30 gate electrode 605 and the first insulator 614 is 
continuously conducted until the SiCb gate insulat- 
ing film 607 is completely exposed. Thus, only the 
portion of the first insulator 614 located below the 
gate electrode 605 is left. This remaining portion of 

35 the first insulator serves to improve the adhesion 
between the gate insulating film 607 and the gate 
electrode 605 to thereby enhance the reliability. 

Next, phosphorus ions are implanted into the 
silicon layers 603, 604, 612 and 613 through the 

40 . gate insulating film 607 by ion implantation so as to 
form the source region and the drain region in a 
self-aligned fashion, as in the case of the first 
embodiment. 

Subsequently, a 420 nm thick second insulator 

45 606 of tantalum oxide is formed on the gate elec- 
trode 605 by subjecting the surface of the latter 
anodic oxidation in a solution of 0.01 wt% of citric 
acid at an anodic oxidation voltage of 250 V, there- 
by obtaining an offset AL of about 200 nm. 

50 Next, the previously implanted phosphorus ions 
are activated by laser irradiation as in the case of 
the first embodiment. Thereafter, the gate insulat- 
ing film 607 is etched using a mixture liquid of 
hydrofluoric acid and ammonium fluoride to open 

55 contact holes 610 and 611, and then a pixel elec- 
trode 608 of ITO (indium tin oxide) is formed to a 
thickness of 30 to 50 nm. 

Finally, a data line 609 of an alloy of aluminum 
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and silicon is provided. 




In the active matrix substrate arranged as ex- 
plained above, insulation between data line 609 
and gate electrode 605 that cross each other (at 
615 in Fig. 6(a)), is provided by the second insula- 
tor 606 making it unnecessary to provide an extra 
insulating film. 

Tantalum oxide formed by anodic oxidation is 
fine and has little defects such as pin holes, only. 
Consequently, the danger of short circuit defects 
between data line 609 and gate electrode 605 is 
substantially reduced. 

When a voltage is applied to tantalum oxide, a 
Poole-Frenkel conduction current flows in the tan- 
talum oxide that exhibits a current-voltage-char- 
acteristic having a threshold voltage. However, 
since the tantalum oxide of the second insulating 
film 606 is as thick as 420 nm and the threshold 
voltage is sufficiently higher than the voltage of 20 
to 30 V at which the active matrix substrate as 
generally driven, a resistance as high as 10 1S Q is 
obtained and no problem caused. When the offset 
AL is 100 nm, the thickness of the tantalum oxide 
must be reduced to 250 nm. However, even in this 
case, problems do not occur. 

As shown in Fig. 6(b), the gate insulating film 
607 of Si02 and the first insulator 614 of tantalum 
oxide are present between the gate electrode 605 
and the semiconductor layer 602. However, since 
the dielectric constant of tantalum oxide is large, 
namely between 25 and 28, the electric character- 
istics of the thin-film transistor are not substantially 
affected. Rather, the two-insulating layer structure 
reduces the danger of any short circuit defects 
between the gate electrode 605 and the semicon- 
ductor layer 602. 

Fig. 7(a) shows an equivalent circuit of the 
active matrix type liquid crystal display. Fig. 7(b) 
shows, a drive signal waveform for the active matrix 
type liquid crystal display. In Fig. 7(a), reference 
numeral 701 denotes a hold circuit and 702 a 
scanning circuit. A thin-film transistor 705 is pro- 
vided at each matrix point where a data line 703 
crosses a gate electrode 704. A liquid crystal layer 
706 is provided between a respective pixel elec- 
trode connected to the drain region 707 of each 
thin-film transistor and a common electrode G. A 
gate signal 708 shown in Fig. 7(b) is applied to the 
gate electrode 704 to turn on thin-film transistor 
705 connected thereto in an interval from T1 to T2. 
A data signal 709 applied to a data line 703 is 
thereby written through the respective thin-film 
transistor into the liquid crystal layer 706. During 
an interval from T2 to T4 the thin-film transistor 705 
is turned off to hold the electric charge written into 
the liquid crystal layer 706. During this off time the 
voltage of the drain region 707 changes as in- 
dicated by 710 in Fig. 7(b), and an effective voltage 



indicated by a^Btched portion is applied to the 
liquid crystal layer 706. At time T3 a negative bias 
corresponding to -VB relative to the potential on 
data line 703 is applied to the gate electrode. If a 

5 twist nematic liquid crystal is used for the liquid 
crystal layer 706, a voltage VD of 1 to 5 V is 
necessary. This reduces VB to 10 to 12 V and the 
gate voltage Vgs to -10 to -12 V. Therefore, a 
sufficiently low i 0FF is required. 

70 As will be appreciated from Fig. 5, the thin-film 
transistor according to the present invention pro- 
vides a sufficiently low I 0 ff and, thus, enables the 
electric charge written into the liquid crystal layer 
to be stably held. Therefore, a liquid crystal display 

75 having a large contrast and an excellent visual 
angle can be provided. 

THIRD EMBODIMENT 

20 A thin-film transistor according to a third em- 
bodiment of the present invention will be explained 
with reference to Fig. 8. 

As shown in Fig. 8(a). a polysilicon semicon- 
ductor layer 802, an Si02 gate insulating film 807 

25 and a tantalum gate electrode 805 are formed in 
this order on a substrate 801 , as in the case of the 
first embodiment. 

Next, as shown in Fig. 8(b), the surface of the 
gate electrode 805 is subjected to oxidation by 

30 anodic oxidation to form an insulator 806 of tan- 
talum oxide. After that phosphorus ions 808 are 
implanted into the semiconductor layer 802 through 
the gate insulating film 807 by ion implantation or 
high-energy ion doping so as to form a source 

35 region 804 and a drain region 803 in a self-aligned 
fashion. Fig. 9 shows the relation between the 
anodic oxidation voltage of tantalum and the film 
thickness of tantalum oxide. The abscissa repre- 
sents the voltage and the ordinate the film thick- 

40 ness. The film thickness of tantalum oxide in- 
creases in proportion to the anodic oxidation volt- 
age. The film thickness can be controlled at a rate 
.of 1.7 to 1.8 nnrW. 

By means of the above manufacturing steps an 

45 offset AL shown in Fig. 8(b) and corresponding to 
the film thickness indicated by a hatched portion in 
Fig. 9 is generated. The offset AL can be con- 
trolled in a range from 0 to 450 nm by controlling 
the anodic oxidation voltage. 

so In the first embodiment, the anodic oxidation is 
conducted after implantation of impurity ions, and 
the offset AL can be accurately controlled in a 
range between 0 to 200 nm. In the present third 
embodiment, however, the order of ion implantation 

55 and anodic oxidation is reversed and the offset AL 
can be controlled in a range larger than that of the 
first embodiment. Therefore, when compared with 
the first embodiment, the voltage between the gate 
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electrode and the drain regiofWIhd the voltage 
between the gate electrode and the source region 
when the gate voltage Vgs is reduced to a negative 
range, can be further reduced, thus further increas- 
ing the source drain voltage Vds and further reduc- 
ing Iqff when the gate is negatively biased. Hence, 
the thin-film transistor according to the present 
invention can also be applied to active matrix type 
displays of the EL or PDLC type which require a 
higher drive voltage then does TN type liquid cry- 
stal display device. 

The phosphorus ions after having been im- 
planted are activated by argon or excimer laser 
irradiation or by ramp annealing so as to reduce 
the resistance of the polysilicon forming the source 
region 804 and the drain region 803. It is desired 
that this activation be conducted in a short time. 
Activation which requires a long time, such as heat 
annealing, diffuses the implanted phosphorus ions 
into the semiconductor layer 802 and, thus, effec- 
tively reduces the offset AL. 

Finally, as shown in Fig. 8(c), contact holes 811 
and 812 are respectively opened in gate insulating 
film 807 above the source region 804 and the drain 
region 803. and a source interconnection 810 and a 
drain interconnection 809 are then provided. 

Claims 

1. A thin-film transistor including a semiconductor 
layer (102, 103, 104) having a portion doped 
with impurities, a gate insulating film (107) and 
a gate electrode (105), characterized in that 
the surface of the gate electrode (105) is cov- 
ered with an insulator (106) and said doped 
portion (103, 104) of the semiconductor layer 
is spaced from the gate electrode (105) by a 
distance equivalent to or less than the thick- 
ness of said insulator (106). 

2. The thin-film transistor according to claim 1, 
characterized in that said doped portion (103, 
104) of the semiconductor layer is spaced 

s ^1rom the gate electrode (105) by 100 to 200 
nm. 



(106) are form^Rne on top the other. 

5. The thin-film transistor according to claim 4, 
wherein a further insulator (614) of tantalum 

5 oxide is formed between the gate insulating 

film (607) and the gate electrode (605). 

6. A method of manufacturing a thin-film transis- 
tor comprising the steps of: 

70 forming a semiconductor layer (102, 103. 

104), a gate insulating film (107) and a gate 
electrode (105) in sequence, 

forming a source region (104) and a drain 
region (103) by adding donor or acceptor im- 

75 purities to the semiconductor layer in a self- 

alignment fashion using the gate electrode 
(105) as a mask, and 

forming an insulator (106) by oxidizing the 
surface of the gate electrode (105). 

20 

7. A method of manufacturing a thin-film transis- 
tor comprising the steps of: 

forming a semiconductor layer (802), a 
gate insulating film (807) and a gate electrode 
25 (805) in sequence, 

forming an insulator (806) by oxidizing the 
surface of the gate electrode, and 

forming a source region (804) and a drain 
region (803) by adding donor or acceptor im- 
30 purities to the semiconductor layer in a self- 

alignment fashion using the oxidized surface of 
the gate electrode as a mask. 

8. The method according to claim 7. character- 
35 ized in that oxidizing of the surface of the gate 

electrode (805) is done by anodic oxidation. 

9. The method according to claim 6 or 8, char- 
acterized in that the voltage used for anodic 

40 - oxidation of the gate electrode is between 1 50 
and 250 V. 
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3. The thin-film transistor according to claim 1 or 
2, characterized in that the gate electrode 

(105) is made of tantalum and said insulator 

(106) is made of tantalum oxide formed by so 
subjecting the surface of the gate electrode to 
anodic oxidation. 

4. The thin-film transistor according to any of the 
preceding claims, wherein the semiconductor 55 
layer (102, 103, 104), the gate insulating film 

(107) and the gate electrode (105) with the 
surface thereof covered with said insulator 
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